Results of various studies suggest that multimedia 'case methods' (activities associated with case documentaries) have many benefits in university-based teacher education contexts. They can, for example, help to 'bridge the gap' between perspectives and practices held by academic teacher educators and those held by student-teachers -who may adhere to perspectives and practices commonly supported in schools. On the other hand, some studies, along with theoretical arguments, suggest that there are limits to the effectiveness of multimedia case methods -because, for example, they can never fully represent realities of teaching and learning in schools. Furthermore, often missing from multimedia case methods is the student-teacher in the role of teacher. To address these concerns, we modified an existing multimedia case method by associating it with a special practice teaching situation in a school context. Qualitative data analyzed using constant comparative methods suggest that student-teachers engaged in this modified multimedia case method developed relatively deep commitments to encouraging students to conduct technology design projects -a non-traditional practice in school science. Factors that appeared to influence development of this motivation included studentteachers' pre-instructional perspectives about science and the personalization and contextualization inherent to the modified multimedia case method.
INTRODUCTION
Although multimedia case methods 1 in university-based teacher education have been successful in various contexts and for various purposes, there appear to be limits to their effectiveness -particularly when perspectives and practices promoted in the case methods significantly vary from those of studentteachers and school teachers. For example, although many academics recommend that school science students should be encouraged to conduct technology design projects, student-teachers and school teachers often are resistant to this suggestion. Accordingly, in this paper, we describe an enhancement to multimedia case methods that data and theory suggest are particularly effective for promoting perspectives and practices -such as technology design -that are not, traditionally, supported in school science. Before describing and defending this enhancement, we provide theoretical background that appears to support the need to improve multimedia case methods -particularly when promoting technology design in school science.
MULTIMEDIA CASE METHODS IN UNIVERSITY-BASED SCIENCE TEACHER EDUCATION
In various jurisdictions around the world, prospective teachers are first introduced to perspectives and practices about school teaching in universities, prior to their work in schools. At the same time, however, there has been a movement towards conducting initial teacher education more directly in schools -where prospective teachers can experience authentic teaching and learning contexts (Korthagen & Kessels, 1999) . Indeed, this can be particularly useful for introducing prospective teachers to traditional perspectives and practices -many of which they have experienced for several years as students. Generations of students -in primary through tertiary educational contexts -have, for instance, participated in guided science 'lab' activities, which are frequently used to support widelyaccepted 'products' (e.g., laws & theories) of professional science (Hodson, 1996) . Prospective teachers can learn how to implement many of these activities from practising teachers who may regularly use them. Because general characteristics of such 'lab' activities -such as being based on experimentation -are likely to be familiar to prospective teachers, they may relatively easily assimilate them into their pedagogical repertoires.
Although school-based initial teacher education may be effective in providing prospective teachers with pedagogical perspectives and practices commonly-used in schools, it may not be best for school students. Some traditional perspectives and practices, despite their longevity, may be problematic. Guided 'lab' activities in school science, for example, can -depending on how they are implemented -cause students to develop unrealistic conceptions about the nature of science. About such activities, Chinn and Malhotra (2002) , for instance, concluded that they "do not reflect the core attributes of authentic scientific reasoning ... [and their] ... epistemology ... is antithetical to the epistemology of authentic science" (p. 175). Without realistic conceptions of the nature of science, graduates of school science are less likely to be able to engage effectively in democratic decision making on matters relating to science and technology (Wellington, 2001) .
Largely because school teachers' work tends to be so intense in terms of curriculum implementation (e.g., lesson planning, teaching and evaluation and reporting of student achievement), it often is difficult for them to undertake formal research or reflective practice that would lead to critical examination of traditional practices and development of new, more appropriate, ones. Such lack of curriculum evaluation and development would, therefore, tend to perpetuate traditional perspectives and practices -some of which are problematic, as argued above for typical science 'lab' activities. Prospective science teachers who are introduced to teaching and learning in schools may, consequently, adopt problematic perspectives and practices and the school system, as a whole, may be less likely to change in positive ways. Accordingly, as Broadfoot (1992) advised several years ago, university-based initial teacher education may be preferable to that in school contexts -largely because of the degree to which prospective teachers may gain access to new, research-informed, perspectives and practices that might improve teaching and learning.
Although it may be most appropriate and likely for prospective teachers to learn about new -and perhaps better -research-informed perspectives and practices in university-based teacher education programmes, they may not easily accept them. Because they are likely to have experienced traditional perspectives and practices in their own education, they are likely to expect to learn more about these in their teacher education programmes and, when they are exposed to radically different perspectives and practices espoused by university-based teacher educators, they may experience 'cognitive conflict'; that is, a disquieting mismatch between conceptions they hold in their heads and those to which they have been exposed (Osborne & Wittrock, 1985) . In theory, such cognitive conflicts may be resolved if prospective teachers have opportunities to evaluate them in contexts having meaning for them. Studies show that student-teachers tend to prioritize school-based experiences (such as practice teaching) above all other components of their teacher education programmes (e.g., Bryan & Abell, 1999) . Where host teachers do not support perspectives and practices espoused by teacher educators, however, studentteachers are likely to have few opportunities to implement or evaluate them in these meaningful contexts. Moreover, because host teachers prioritize school-based contexts over those in universities, the 'social currency' (i.e., implicit and explicit approval) that host teachers may provide for traditional perspectives and practices are likely to outweigh that provided by university-based teacher educators for alternative perspectives and practices. In a sense, there can be a 'paradigm conflict' (Kuhn, 1970) between university-based teacher educators, who may espouse new perspectives and practices, and school teachers, who may adhere to traditional ones. Such 'paradigm conflicts' often are 'won' by school teachers, who tend to have the most influence on prospective and beginning teachers (Helms, 1998 ).
An approach that has shown considerable promise in 'bridging the gap' between perspectives and practices promoted in university-based teacher education contexts and those supported by studentteachers and school teachers is use of multimedia case documentaries of school-based teaching and learning situations (e.g., Koballa & Tippins, 2000) . Multimedia case methods, because of their increased flexibility, capacity and portability, are particularly attractive to teacher educators (e.g., Copeland & Decker, 1996) . Because of the extent to which multimedia case methods can represent teaching and learning situations in schools, perspectives and practices depicted in them may have considerable currency for student-teachers who, as mentioned above, tend to place more trust in pedagogical ideas and approaches promoted in schools than in those promoted in universities. More theoretically, case methods can act as 'boundary objects'; that is, mediating agents for enabling interactions between disparate 'communities-of-practice' (Wenger, 1998) ; that is, between university-based teacher educators and teachers in schools. In a sense, they provide a 'window' through which student-teachers can view the 'real world' of teaching and learning in schools. Use of multimedia case methods as boundary objects is particularly important in those situations in which there are significant discontinuities between school-based and university-based communities of practice (Yoon et al., 2006) . Teachers who are the subjects of the cases can provide much needed social status to non-traditional perspectives and practices.
Although multimedia case methods have significant strengths in terms of bridging gaps between university-based and school-based communities of practice, the durability of their effects has been called into question by student-teachers -because of their concerns that perspectives and practices they have come to support through case methods likely will not be reinforced by many of their future school science colleagues (e.g., Bencze et al., 2001 Bencze et al., , 2003 Hewitt et al., 2003; Yoon et al., 2006) . Moreover, multimedia case methods may have fundamental limitations regarding the degree to which they can (and should be considered to) represent reality in schools. Given the complexity of teaching and learning contexts (e.g., Barnett & Hodson, 2001) , although efforts can be made to include rich contextual (e.g., school-based) detail in case documentaries, they can never fully represent the 'reality' of teaching and learning. Much of what teachers know that informs their practice is, for example, tacit (Polanyi, 1958) and, therefore, not easily expressed or represented. It is, therefore, probably more appropriate to avoid claiming that a case documentary can adequately represent reality. Indeed, because teaching and learning are so situational, dependent on myriad, possibly interacting, contextual variables, it is important to acknowledge that case methods reify 2 -to varying degrees -reality. In other words, although they usually contain important contextual variables, they can misleadingly present an illusion of fully representing reality. This may be particularly problematic where there is significant dissociation between the world of experience and a representation of it. According to Wenger (1998) , for proper meaning making, there must be a relatively close, dialectical association between participation in the world and representation(s) of it. When student-teachers interact with multimedia case documentaries that depict another teacher (besides themselves) and students with whom they are unfamiliar, the dissociation is significant. The documentary is a reification of others' experiences (participation) in school science teaching. It may not represent the experiences of the student-teacher interacting with it. Accordingly, to improve the efficacy of multimedia case methods, student-teachers interacting with them must experience perspectives and practices depicted in them and, in so doing, develop their own representations (reifications) of such experiences.
RESEARCH AND DEVELOPMENT APPROACHES

Research and Development Context
To enable student-teachers to experience perspectives and practices depicted in multimedia case methods and, in so doing, develop their own representations (reifications) of such experiences, we chose to enhance a previously-developed case method by engaging student-teachers in special teaching and learning situations with school students. Because student-teachers are, as argued above, unlikely to have opportunities during their practice teaching sessions in schools to implement and evaluate nontraditional perspectives and practices depicted in our multimedia case documentaries, we encouraged them to do so in the context of a 'STEPS' (Student Teacher Extra-practicum Practice Sessions) workshop. This is, essentially, a special practice teaching session, in which student-teachers conduct short (about 30-minute) lessons and activities (repeated 3 times in succession) with small groups of students in a school. Through STEPS workshop activities, student-teachers can achieve close association between experiences (i.e., teaching & learning) and representations (e.g., lesson plans and written reflections) of them. Moreover, by linking STEPS workshop activities to a multimedia case method, we may achieve an important pedagogical goal; that is, to legitimize perspectives and practices not normally supported in schools.
The particular multimedia case method that we chose to associate with a STEPS workshop was one that we have previously developed and evaluated . Called "TechDesign," this 45-minute documentary depicts a portion of a unit within a seventh grade Science & Technology 3 course (MoET, 1998) -in which a teacher facilitates students' technology design projects. The teacher, 'Mr. Philip Hamilton' (a pseudonym), was a sixteen-year veteran with expertise in blending technology and science education working in a private boys' school in an urban area. Using video-clips (culled from about 24 hours of videotape collected over a four-week period), lesson plans, and samples of students' work, the documentary features conversations with Mr. Hamilton (pre-and post-lessons) and selections of classroom events (e.g., showing students working on projects and presenting summaries of their work). In the context of the 'Fluids' unit (MoET, 1998, pp. 49-51) of the course, which Mr. Hamilton called "Robotics & Fluids," students were required to design, build and evaluate mechanical arms (using wood and metal) that were controlled manually with systems of syringes and tubes (using hydraulics) in order to move an object from one place to another. Interspersed with classroom footage, Mr. Hamilton was shown (with voice overlays in some sections) discussing goals of the unit, related instruction (e.g., learning of scientific concepts such as Boyle's Law, Charles' Law, Pascal's Law, Bernoulli's Principle, Archimedes' Principle and practice activities involving building of programmed LEGO-DACTA™ mechanisms) and his commentary on students' progress at various points throughout the project. Overall, the documentary was organized according to four themes that had previously emerged through qualitative data analysis -using constant comparative methods based on constructivist grounded theory (Charmaz, 2000) . These four themes, which are elaborated in Bencze et al. (2003) , were:
In contrast to the traditional linear approach illustrated in figure 1a, technology design often involves a complex socially negotiated process involving cognition (e.g., thought and verbalizations of thought), inscription (e.g., drawing and writing) and actualization (e.g., modeling and building) -as depicted in figure 1b. Learning Networks: Technologists often are part of established social learning systems, comprised of many possibly-interacting communities of practice -within which there may be horizontal (e.g., peer-to-peer) and vertical (e.g., records of technologists' past achievements) interactions. Design Challenges: There are at least three major limits to designers' creativity: i) availability of resources (e.g., equipment and supplies), ii) socio-determinism (i.e., societal priorities) and iii) techno-determinism (i.e., maturity of a technology). Science & Technology Relationships: There are at least four possible relationships between science and technology: i) science is necessary for technology, ii) technology is necessary for science, iii) technology and science are independent, and iv) science and technology are co-dependent.
Using this multimedia documentary, we then developed a case method that was intended to introduce prospective science teachers to ideas about the nature of technology, approaches to technology design and relevant pedagogical practices. We felt that it was important to introduce prospective teachers of secondary school science to ideas about technology and technology education for various reasons. Firstly, although they were likely to be employed in secondary schools, the degree that they were pursuing also would entitle them to teach Science and Technology (MoET, 1998) for students in grades seven and eight -and this programme requires students to conduct technology design projects. In addition, however, there appears to be significant support for integrating technology education with secondary school science (e.g., Bencze, 2001; Roth, 2001 ) -despite the fact that school systems have traditionally prioritized science over technology education (e.g., Fensham & Gardner, 1994) . Part of the rationale for such integration is that, in practice, science and technology often are co-dependent (Gardner, 1999) . There also are arguments that, although they differ in important ways, practices of science and technology have much in common (e.g., Bencze, 2001; Roth, 2001 ) -including, for example, a focus on independent and dependent variables, experimental testing of ideas/artefacts and communal evaluation of results. We felt that student-teachers who are educated about the nature of technology and technology design, along with relevant pedagogical practices, may be more willing and able to help their future students to develop 'comprehensive' literacy in science and technology. Although difficult to define, this comprehensive literacy may include learning in three broad domains; that is: 'Products of S&T [Science & Technology] ' (e.g., laws & theories), 'Characteristics of S&T' (e.g., the non-linear nature of problemsolving) and 'To Do S&T' (e.g., to conduct technology design projects) (Hodson, 1998) .
The case method that we developed was based on a three-phase constructivism-informed pedagogical framework described elsewhere (Bencze, 2000) . For each of the following three phases (which often are integrated), they participated in the following activities that were relevant to this project:
Expressing Pre-instructional Conceptions: Using simple materials (e.g., Alka Seltzer™ and vinegar, balloons, etc.), nineteen 4 prospective teachers of secondary school science (who were enrolled in an elective course, called "Developing Skills of Inquiry, Design & Communication") were asked to conduct a short science inquiry project and an invention project (on separate occasions) and report their goals, methods and findings. They also were asked to describe their views about science and technology with reference to: i) a stereotypical model of processes in science and technology 5 (Bencze, 2001, p. 287) , ii) the Scientific Theory Profile 6 (Loving, 1991) and iii) the four themes about technology above . In terms of pedagogy, they were asked to provide written outlines of teaching strategies they would use to help students to understand the nature of technology and invention. Learning New Conceptions: Using lectures, Socratic-style discussions, teacher-demonstrations, and information sheets (e.g., with descriptions of the four themes above), student-teachers were introduced to widely-accepted conceptions about technology and technology design. They also were introduced to relevant pedagogical strategies, including those depicted in the TechDesign multimedia documentary (as described above). Judging Available Conceptions: While they interacted with the TechDesign documentary (during the third four-hour class of the nine-class course), student-teachers (in nine pairs and one trio) were asked to evaluate Mr. Hamilton's approaches, particularly in terms of the four themes about technology described above, and record their reactions on paper. Two classes later, they were then asked to develop and implement (in a STEPS workshop, with three successive groups of about six school students at a local school) lessons (with student practice activities) (each lasting about 30 minutes) that focused on a few aspects of their choice from the course. Among topics from which they could choose were procedures such as: question asking, problem identification, predicting, experimental design, graphing techniques, and debating skills and nature of science and technology topics, including the idiosyncratic and situational nature of methods, the theory basis of observing, etc. and the uncertainty of scientific conclusions. After their workshop, student-teachers were asked to view video-recordings of their workshop and, in the light of those, develop a 1,000-word reflection paper -in which they were required to evaluate their goals (e.g., the validity of outcomes they intended) and teaching strategies.
Data-collection and Analysis Methods
Having implemented the above-described multimedia case method, which was enhanced with inclusion of the STEPS workshop, we were then interested in collecting data to determine the efficacy of this approach. The goals of this data-collection were to determine and explain: student-teachers' priorities for learning outcomes and preferred pedagogical practices relating to the TechDesign case, factors (including particular characteristics of the multimedia case method, including the STEPS workshop) that may have influenced those perspectives and practices.
To achieve these research goals, qualitative data, in an ethnographic tradition (e.g., Hammersly & Atkinson, 1990) , were collected from the student-teachers throughout the multimedia case method. Data collected included: i) course materials (e.g., lesson plans, student information sheets), ii) studentteachers' completed activity sheets (including their written comments about the four technology themes), iii) videotape records of one pair (and audiotape recordings of three other pairs) of studentteachers' conversations as they interacted with the TechDesign case method, iv) videotape records of their STEPS workshop lessons and student activities, v) audio-recordings of semi-structured interviews (one pre-and one post-case method, each lasting about 90 minutes) with one volunteering studentteacher ('Tanya'), vi) lesson plans and student activity sheets for their STEPS workshop, and vii) written reflections about the STEPS workshop.
In terms of analysis, this research had both rationalistic and naturalistic (Guba & Lincoln, 1988 ) characteristics. From a rationalistic perspective, we particularly focused on future science teachers' judgements about the value of, and approaches to, teaching students in schools about aspects of the four themes identified in the TechDesign case. From a naturalistic perspective, many conclusions were drawn, through interpretive methods, from artefacts of student-teachers' engagement with the case and the STEPS workshop experiences. With this in mind, each of us independently coded all data for relevant categories and encompassing themes. This coding was an inductive-deductive dialectic process, in which we cycled between data and theoretical conceptions in our minds -based on principles of constructivist grounded theory (Charmaz, 2000) . Codes, categories and themes were, then, negotiated between us, based on the principle of "interpretive zone … [as a] … place where multiple viewpoints are held in dynamic tension as a group seeks to make sense of fieldwork issues and meanings" (Wasser & Bresler, 1996, p. 6 ). Consensual themes (described below) were then used to re-examine the data to ensure agreement. Finally, member checks with participants were conducted to ensure trustworthiness of claims, each of which was based on at least three corroborating data sources (Lincoln & Guba, 2000) .
RESULTS AND DISCUSSION
Prospective Science Teachers' Motivation to Promote Technology design
Prior to the case method described above, all of the student-teachers (all of whom had science degrees) indicated that they had no previous experience with technology design, nor did they have an inclination to encourage and enable students to conduct their own technology design projects -a finding noted elsewhere (Stein et al., 2002) . However, after the case method, many of the prospective secondary school science teachers indicated that they had relatively well-developed conceptions about technology and were motivated to promote it in their future teaching. For example, although they had various choices regarding the focus of their lessons/student activities for the STEPS workshop, two of the three groups of student-teachers chose to emphasize aspects of technology design (while the third group chose to emphasize science inquiry). One group of six student-teachers chose, for instance, to focus their whole workshop on helping students to develop expertise for designing and evaluating model parachutes that were to land gently-enough to prevent an egg (representing a human) from breaking (refer to figure 2). Each of the three pairs of student-teachers focused on a different aspect of this challenge, including: i) design, ii) testing and iii) data organization and display. Each pair of studentteachers (including those in the other TechDesign group) carefully designed their lessons/student activities to reflect the "Emergent Design" theme in the TechDesign case method, as illustrated in figure 1b -involving idiosyncratic and contextualized social interactions amongst cognition, inscription and actualization. Specifically, students were encouraged to first collaboratively plan (on paper) a model parachute (made of plastic bags and string) while exploring several pre-made ones, build and test it and, then, revise their inscriptions (drawings) based on their findings from initial tests with the parachutes and, then, re-build and re-test their parachutes a second time. In defense of their approach, one studentteacher said, "This procedure of 'going back to the drawing board … shows again how the methods of technology design can be orderly with constant evaluation and review taking place" (Madeline, Feb. 21, 2003) . Indeed, in addition to promoting social cycling amongst cognition, inscription and actualization in the design of the parachute, this group also made this iterative process the basis of their instruction in possible uses of electronic spreadsheet software for data processing. Rather than defining inscriptions only in terms of drawings, they also referred to graphing -and how those forms of visualization can assist in design (with its cognition and actualization aspects): "We stressed the link between data collection and using available technologies (i.e., computers, software programs, etc.) to help the scientist/technologist analyze and review data to accept or change existing knowledge or designs" (Ken, Feb. 22, 2003) . Accordingly, once student-teachers had learned how to make graphs using spreadsheet software, they processed the data from their first parachute trials and used those data as a basis for revising their sketches of the parachutes, revisions which they, then, used for making (actualizing) their second parachute. As an interesting, but perhaps relevant aside, one member of a Technology group asked permission to revise her lesson plan for the workshop, based on findings from her implementation of it. Her rationale was, "After all, lesson planning is not linear" [pointing to the non-linear model she used in her lesson to illustrate technology design thinking], to which her instructor (Bencze) responded, "Yes, lesson planning is technological [and, therefore, yes, you can submit a revised lesson plan]." We suggest that this is a wonderful illustration of how student-teachers can internalize the non-linear model of technological thinking.
Although the student-teachers' overt focus in (the TechDesign) workshops was clearly on the idiosyncratic/contextual nature of design, there were some subliminal (perhaps unintentional) allusions to the other three themes (i.e., Learning Networks, Design Challenges, and Science & Technology Relationships) from the multimedia case method. For example, although he and his partner were the only ones in both workshops to address it, Allen demonstrated pointed enthusiasm for teaching students about technological determinism. About his lesson, in which a simplistic, one-directional model of technology design was critiqued as students were asked to consider cell phone design, he commented that:
… we used a resource that showed a series of cell phones, new and old, and asked students to determine the oldest to the newest. All of the four groups completed this activity quickly and correctly. This allowed us to describe the ways in which the history of a product influenced and limited the design of similar products. Each of the cell phones on the overhead looked different but all possessed the same characteristics. All the students in our workshops [repetitions of their lessons] quickly grasped this point and it was reflected by the level of creativity when they designed their alarm clocks [which each student group was required to do for practice after the lesson by the student-teachers] (Feb. 19, 2003) .
Generally, both technology design workshops appeared to be successful, with most student-teachers and students indicating that they had learned something from the experience. Allan summarized this sentiment well:
Overall, the workshop was a great success, where the students had an opportunity to have insight on the development of technology and science. As I explained to most of the students that day, this process not only helps them in these subject matters but in problem solving wholly (Feb. 24, 2003) .
Moreover, the lessons and students activities designed by student-teachers in the two technology workshops addressed several characteristics of technology design as represented in the TechDesign case. Given that student-teachers generally reported (in post-workshop reflection papers) that they felt their workshop was (at least moderately) successful, it is apparent that these future teachers of science maygiven certain conditions in their future work environments -promote realistic student-led technology design.
Factors Influencing Student-Teachers' Priorities & Practices
Through our data analyses, it became apparent to us that the student-teachers who chose to promote realistic technology design seemed to be influenced by at least two major factors ('themes'). Each of these is discussed, in light of relevant data, below:
Postmodern Perspectives
It was apparent to us that student-teachers who indicated, in various ways, support for promotion of technology design in school science also tended to indicate support for 'post-modern' positions about knowledge. Those who tended to adhere to 'modernist' positions about knowledge, on the other hand, tended to prefer to engage students in science inquiry rather than technology design. Although the categories are not distinct, modernists tend to more strictly follow laws of nature, while post-modernists allow for flexibility and inclusion of many variables in decision-making; modernists prefer to abstract, generalize and theorize, while post-modernists are contextualists; modernists tend to be analytical, rationale, reductionist, atomistic, while post-modernists are holistic, intuitive, naturalistic; and, modernists tend to revere 'experts,' while post-modernists believe in shared decision-making (Doll, 2003; Weaver, 2001) . These positions were apparent in terms of student-teachers' perspectives about the nature of science and technology. Those tending to support a contextual view of technology design, as illustrated in figure 1b, also were more likely to promote technology design in the STEPS workshop. For example, Allen (who participated in one of the Technology workshops), made this statement about the progress of technology design before viewing the TechDesign case:
If we view the entire process as being linear, it is almost certain that we will omit many variables that are identifiable later on in the process. Instead the triangle model [ figure 1a , above] allows for a constant bi-directional flow of ideas which allow for a modifiable concept as variables are discovered (Jan. 28, 2003) .
Similarly, student-teachers who indicated support for technology design in school science also tended to point out problems with a stereotypical (lock-step and highly reductionist) model of processes in science and technology (Bencze, 2001, p. 287) . This was particularly true for student-teachers who focused on the non-linear nature of technology design in their workshop lessons and activities. In discussing a small science inquiry that she had conducted during the course, Tanya said, for example:
The non-linear process [of science & technology is supported]. [The science inquiry project] was constantly being brainstormed and revised. We were using the feedback from our peers up until the actual performance of our study. There is a lot of social negotiation. We did a draft of this [project design], we thought it over again, made adjustments, and getting perspectives. It wasn't a [process of] 'begin here and then finish here, and don't look left or right, just keep going and get to the answer.' It wasn't like that at all" (Tanya, March 8, 2003) .
Related to such positions, student-teachers who tended to promote technology design also tended to indicate support for Naturalist-Antirealist positions on Loving's (1991) Scientific Theory Profile. In other words, if student-teachers tended to believe that scientific methods were highly idiosyncratic and contextual, they tended to support the promotion of technology design projects in school science. Some comments by student-teachers involved in the technology workshops were:
As a 'Scientist', I recognize that the discovery process in Science is nonlinear and varies depending on the individual and circumstance. I had no difficulties converging my ideologies regarding scientific discoveries with those of technological inquiry and design (Mary, Reflection Paper, Feb. 26, 2003) .
Economic purposes, in my opinion, is the main motivation behind technology design, who is running the show and why? Is this or these individuals trying to make a buck by improving our way of life or limiting it? (Theresa, Feb. 22, 2003) .
The converse also was supported by data; that is, student-teachers who tended to support RationalistRealist positions about science also tended to choose to develop a Scientific Inquiry workshop. A preinstructional statement made by a student-teacher whose views were typical of the six who chose to develop this workshop was:
I do believe that science represents the truth. I believe that science is affected by its environment and that initially it is a bit chaotic. Clear reason and methodical procedures can be a result of random, chaotic thought, but overall, I like science because it is a series of steps, there is a lot of reason and logic to it. I don't like abstract thoughts, I like facts. Are the theories and concepts that we are teaching our students going to be disproven, I don't think so … (Mandy, Feb. 11, 2003) .
In support of this claim, data also indicated that most student-teachers who chose to develop scientific inquiry activities for the STEPS workshop were those who tended to indicate that they felt that the stereotypical model of science and technology (Bencze, 2001, p. 287 ) that was presented to them wellrepresented science inquiry and technology design. Typical of this view was a statement from Lydia: "I believe that the flow chart that represents science is a good representation because it reflects what I have experienced studying science over the years" (Jan. 3, 2003) .
Personalization & Contextualization of Case Methods
In congruence with our rationale (refer to Research & Development Context) for associating a multimedia case method with a STEPS workshop, data collected here suggest that the special practice teaching sessions (in the workshop) provided a highly personalized context that would, otherwise, likely be unavailable to student-teachers. This personalization and contextualization seemed to help prospective secondary school science teachers to develop significant motivation and pedagogical approaches for promoting perspectives and practices -that is, realistic technology design -that are not traditionally supported by secondary school science teachers.
The importance of this personalization and contextualization can be explained in terms of 'knowledge duality theory (Wenger, 1998) , which suggests that a "reification [representation, such as any of those in a multimedia case documentary] must be reappropriated into a local process [such as lessons and student activities in a STEPS workshop] in order to become meaningful" (p. 60). Such reappropriation was, apparently, evident in this study. In short, student-teachers -as opposed to organizers of the multimedia case method -were able to make various decisions about what to teach and how to go about teaching it. Related to that, they were able to determine which contextual (i.e., school-based) variables to associate with technology design. Among the first indications of this was student-teachers' apparent immediate sense that a school environment, in which they were to conduct teaching that they had planned outside of that context, would be appropriate for teaching students about technology design (and science inquiry). While it was primarily evident in student-teachers' general deportment, a few of them were explicit about this. The school was relatively large, with a modern recent addition to its approximately forty year-old core. The science rooms in which the workshops occurred were large, clean and well-stocked with equipment and supplies. When the student-teachers walked into this area, it was clear to see that they felt they had arrived in comfortable, modern surroundings. For the data analysis portion of the parachute workshop, for example, a student-teacher noted that each student was seated at a computer terminal and able to access a spreadsheet program for graphing. Many student-teachers enjoyed the situation and one said, "I found the school beautiful and somewhere I may wish to teach in the future" (Theresa, Feb. 24, 2003) . Regarding the actual lessons and student activities, student-teachers made numerous comments in their reflections about the workshop that -we suggest -were unlikely to occur as a result of the multimedia documentary alone. Most of these pertained to pedagogical perspectives and practices relating to promotion of technology design. For example, several student-teachers commented on what they learned about students' prior experiences with technology design:
I asked them why and they responded that they knew all about this. I questioned one of the students about it before the break [during the workshop] and he told me his dad was an entrepreneur contractor and always worked this way when dealing with projects. He was noticeably aware of the entire technology process but had no formal idea of its process. If anything, the three students we encountered that day that felt some resistance had a chance to view product development (alarm clocks) in a different light (Allen, Feb. 25, 2003) .
This activity illustrates the nature of social interactions within technology and the extent that personal bias plays in methods and results of technology design. As students worked together in creating a parachute design, they had to practise cooperation and listening in order to reach a final plan. Some students had done an activity like this before and so their personal histories and experiences came into play when shaping the design for a parachute. In some way, these students had to communicate their ideas to their partner(s) in order to get an agreement (Madeline, Feb. 25, 2003) .
The questions we asked revealed that students were very aware of the fact that the entire process was not sequential and non-linear. There were a few skeptics in the crowd though. Some students could not grasp the validity of the entire process until I placed the second lifecycle [model of technology design] on the board and outlined its creation and uses (Allen, Feb. 26, 2003) .
Related to that, several student-teachers made judgements about students' abilities and developmental readiness regarding technology design, as indicated by this sort of statement:
I believe that these skills about the nature of technology were age-appropriate because they built on skills students would have knowledge of doing already, meaning, being able to make observations and predictions. I think that the predicting part of the brainstorming exercise is especially appropriate because it is not too difficult or threatening a challenge for students to imagine and explore new means of improving a parachute (Madeline, Feb. 25, 2003) .
Finally, although all the student-teachers made positive comments (in their reflections) about the their workshop experience, at least one of them indicated that she was committed to technology design to the point of being openly self-critical of her work, vowing to improve it for the future:
There were not too many HOTS [higher-order thinking skills] being promoted at our station, I think. … Perhaps when we do this activity again, we could provide some examples of different parachutes and ask students why they think certain parachutes are designed the way they are (Madeline, Feb. 25, 2003) .
Testing the parachutes with a weight with the same mass as an egg would have allowed students to … rule out the weight as a factor to the effects they were observing while they tested their parachutes. This would enable them to focus in on one factor at a time when attempting to decide on a 'balance' between the variables for a soft-landing parachute (Madeline, Feb. 25, 2003) .
SUMMARY AND CONCLUSIONS
Multimedia case methods used on their own in university-based teacher education -as universityschool 'boundary agents' (e.g. Yoon et al., 2006) -can help student-teachers to become motivated to promote, using particular teaching and learning strategies, perspectives and practices about which they may be unfamiliar (e.g., Bencze et al., 2001 Bencze et al., , 2003 Copeland & Decker, 1996; Hewitt et al., 2003; Koballa & Tippins, 2000) . There appear to be limits, however, to benefits of multimedia case documentaries in university-based teacher education. Although they can provide student-teachers with access to variables that they might not otherwise experience, and although they can provide muchneeded legitimization (e.g., through depictions of school-based contexts) for perspectives and practices espoused by university-based teacher educators, they can arguably never fully represent perspectives and practices in 'authentic' (school-based) teaching and learning contexts. Indeed, they may significantly reify education, suggesting to student-teachers that teaching and learning depicted in them are and can be direct matches with those in schools -which research suggests are highly idiosyncratic and situational (e.g., Barnett & Hodson, 2001) . Moreover, because the teacher depicted in them usually is not the student-teacher interacting with them, there is likely to be significant dissociation between participation in the world (of teaching and learning) and representations (e.g., lesson plans and reflections) of them -associations which are said to be so important for deep learning (Wenger, 1998) .
Based on the study reported here, encouraging university-based student-teachers to plan, implement and evaluate lessons (with student activities) in realistic teaching and learning contexts (in a STEPS workshop) involving school students can facilitate relatively tight associations between participation in the world and representation(s) of them. Specifically, using ideas gleaned from a multimedia case documentary, prospective secondary school science teachers represented (e.g., in reflective essays) particular characteristics of a school environment and learning capabilities of students regarding their participation (as instructors) in lessons and student activities aimed at learning more about the nature of technology design. Through these experiences, data suggests that several student-teachers became enthusiastic about promoting realistic technological in school science. This is a result that, we suggest, seems to be possible solely through the use of a multimedia case documentary that features student-led technology design in an authentic school-based context . What is perhaps more significant about the results here is that STEPS workshops allowed student-teachers to develop relatively deep 'pedagogical expertise' -rather than just enthusiasm -for promoting technology design in school science. Student-teachers were able to develop reasonably successful lessons and student activities intended to teach students about the nature of technology design, effectively implement them and critically evaluate them -all arguably characteristics of pedagogical expertise for promoting technology design in school science. Accordingly, we recommend that university-based teacher educators always enhance multimedia case methods with activities that enable student-teachers to develop, implement and evaluate perspectives and practices gleaned from the case methods in realistic teaching and learning situations.
Where discrepancies between perspectives and practices of university-based teacher-educators and school teachers (whose views are, likely, similar to those of student-teachers) are relatively minor, multimedia case methods alone (without special practice teaching sessions) may be sufficient -since the relatively realistic contexts provided by the multimedia case method may overcome any minor differences in educators' perspectives and practices. On the other hand, where university-based teacher educators and school teachers markedly differ in their perspectives and practices (e.g., regarding the role of technology design in school science), it may be extremely important to associate multimedia case methods with relevant and realistic practice teaching and learning situations with school students. The greater the 'personalization,' in that the student-teacher is doing the planning, teaching and evaluating, and the greater 'contextualization,' in that an in-school context may provide access to more contextual variables than a relatively 'fixed' multimedia documentary, the 'deeper' may be student-teachers' learning. Greater personalization and contextualization implies tighter association between participation in the world and representation(s) of it (Wenger, 1998) .
There are, likely, numerous factors to consider when deciding how to develop and implement multimedia case methods in university-based teacher education contexts. As described above, we suggest that teacher educators carefully consider the extent to which perspectives and practices they care to promote may differ from those of student-teachers and school teachers. In our study, this seemed particularly important when considering to promote technology design in school science. Additionally, however, we found that the more postmodern were student-teachers' views about knowledge, the more likely they appeared to be to promote technology design in school science. Such an association can be explained, perhaps, with reference to philosophy of science and technology (e.g., Gardner, 1999; Roth, 2001 ) -that suggests that the overall tendency in technology design is to contextualize ideas, while the overall tendency in science inquiry is to decontextualize them. Student-teachers adhering to a postmodern view of knowledge may, therefore, have a greater affinity for contextualization (i.e., technology design), while those adhering to modernism, may prefer processes (such as science inquiry) involving decontextualization. Accordingly, it may be that university-based science teacher educators wanting to encourage student-teachers to promote technology design also should help student-teachers to become acquainted with postmodern views about science -such as 'Naturalist-Antirealist' positions within Loving's (1991) Scientific Theory Profile.
Undoubtedly, there remains much to learn about multimedia case methods in university-based teacher education. Although they have proven to be extremely helpful for various aspects of teacher education in university contexts, like all learning, developing effective multimedia case methods for university-based teacher education is likely to be highly idiosyncratic (e.g., dependent on the particular teacher educator(s) involved) and situational -dependent on myriad, often interacting, contextual variables.
